Abstract. The purpose of this study, is to establish a comparison between two types of controllers, to be used to control the attitude of an unmanned aerial vehicle UAV, known as quadcopter platform. The two types of controllers, assumed in this work, are: A classic Linear Quadratic Controller LQR, and Controller based on fractional control laws. The proposed method shows its advantages in terms of time response and the settling down to the desired attitude, compared the LQR controller.
Introduction
Control methods has been improved and developed in the last decades. This leads to an increase of the use of several modern technologies, such as the Unmanned Aerial Vehicles (UAV) [1] .
Lately, many methodologies see the light of the day, such as fractional control, optimal control, linear quadratic control [2] , etc. Different sensors and actuators have been also used, such as attitude control with tube, using Magnetorquers, using Reaction wheels etc.
In this work, we will elaborate both linear quadratic control and fractional controllers for UAV attitude stabilization, in order to compare them. Firstly we will describe the dynamics of spacecraft. Next, we will introduce and discuss Linear Quadratic Control and fractional control law for the quadcopter platform attitude. This work aims at obtaining comparative results between the two methods.
Quadcopter attitude dynamic model
The vertical movement represents the quadrotor changing its vertical speed and position. This movement is described by the following equations [3] , [4] 
(1)
The lateral movement is achieved when the quadrotor is keeping its vertical position z, longitudinal position x and its yaw angle. This type of movement is described by the equations [3] , [4] :
The longitudinal movement is represented by the quadrotor keeping its vertical and lateral position and maintaining its yaw angle. This type of movement is described by the equations [3] , [4] :
The yawing movement is the movement when the quadrotor is keeping its position and only its yaw angle changes. This movement is described by the following equations [3] , [4] :
In the above equations, we denote by:
• Ω 0 is the angular rate of the propeller during the hover,
• b is the thrust constant,
• d Drag factor of the rotating propeller,
• z is the vertical coordinate in Earth-fixed frame,
• ω is the vertical speed in body-fixed frame,
• Ω n is the angular rate of each propeller,
• m is the Mass of the quadrotor,
• I R , I T and I L the moments of inertia corresponding respectively to roll, pitch and yaw axis,
• φ, θ and ψ are roll, pitch and yaw assumed small in the attitude control,
• p Roll rate,
• q Pitch rate,
• r Yaw rate,
• u Longitudinal speed in body-fixed frame,
• v Lateral speed in body-fixed frame,
• w Vertical speed in body-fixed frame,
• x Longitudinal coordinate in Earth-fixed frame,
• y Lateral coordinate in Earth-fixed frame,
• z Vertical coordinate in Earth-fixed frame.
The state space representation or the state model of the systems (1), (2) , (3) and (4) is written as below:
For system (2): 
For system (3): 
For system (4):
3 Control laws
Linear quadratic control
In order to design a controller that is based on Linear Quadratic Regulator, several conditions and constraints must be satisfied. For a given controlled process described by the state equation below:
To design a LQR controller we must:
• Find an admissible control law which minimizes the cost criterion given below:
where Q is a positive semi definite matrix and R is a positive definite matrix.
• Find a unique solution P , in the class of positive semidefinite matrices, to the algebraic Riccati equation, in order to find the gain K which determinate the control law u.
We have successively: -Algebraic Riccati Equation :
-The Gain K:
-Control law:
For the uniqueness of the solution P , (A, B) must be controllable, and (Q, A) must be observable, which is has been verified for all systems. R = 1 ; Q = diag(10 7 1 1 1 1 1).
Fractional control
In order to establish a fractional controller, the control law for all systems must be written as:
where α is a real number representing the order of derivation of x(t). The equation (6) becomes:ẋ
The definition given by Grünwald-Letnikov [5] for a fractional derivative using the Gamma function is:
where
.
Simulations and results
For all the simulations made in this paper we consider the following parameters:
Note that the gain matrix K is separately calculated for all four systems. When α = 0 : u(t) = −kx (α) (t) = −kx(t). This corresponds to an LQR controller. • The settling time is : 2.8 second In this case the fractional controller, shows better performance in terms of rapidity, compared to the LQR one. Some fluctuations are noted for certain values of α, considering the Roll and Pitch angles, the quadcopter will experience some ups and downs before it settles to zeros. 
Conclusion
Considering the previous analysis and results found in this work, it is easy to observe that, the plant was controlled with two different control methods, presenting satisfactory but different results.
It is known that, the LQR controllers are robust, and produce a very low steady state error, but with a big transition delay and slow settling time. With the new controller -Fractional control-we manage to take the advantages of the LQR one, with short transition delay and a faster settling time.
